Introduction
Of ten people with the greatest health burdens have the least access to health care information that they can understand.
1 Health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions."
2 The ability to apply reading, listening, speaking, analytic, decision-making, and numeracy skills to health situations is affected by low health literacy. Health literacy is vital to enable people to manage their health. There are many activities that people are responsible for when self-managing their diabetes that can be particularly challenging when limited health literacy is an issue. These activities include taking medication, eating a healthy diet, glucose monitoring, and reduction of risks. Persons with diabetes who have multiple complications or experience repeated hospitalizations might have some of these problems because of unrecognized low health literacy.
Patients with low health literacy are usually embarrassed by their situation and hide it from other people who could possibly help (e.g., healthcare providers, friends, and family members). Approximately half of the adults in the United States have low health literacy. 4 The poor health outcomes and costs to the health care system associated with low health literacy have been estimated to be as much as $58 billion per year. 5 People need strong health information skills as we move toward a consumer-centric health care system, where individuals take an active role in health-care-related decisions. Effective interventions to help persons with low health literacy to strengthen their information skills and modify their health behaviors also are needed. The objective of this study was to assess the published literature on health literacy and diabetes, as well as identify opportunities for technology to strengthen information and communication skills and modify behaviors to improve diabetes health outcomes.
Methods

Data Sources
Medline (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the Cumulative Index to Nursing and Allied Health Literature (CINAHL, 1990 (CINAHL, -2008 , and the Education Resources Information Center (ERIC, 1990 (ERIC, -2008 were searched for eligible articles using combinations of the following search terms: (1) diabetes mellitus, type 1 diabetes mellitus, or type 2 diabetes mellitus and (2) literacy, illiteracy, readability, reading ability, reading skill, numeracy, test of functional health literacy in adults (TOFHLA), rapid estimate of adult literacy in medicine (REALM), or wide range achievement test, third edition (WRAT3). The reference lists of included studies were also searched.
Study Selection and Data Extraction
The author screened the titles and abstracts of the identified citations and identified eligible articles based on the following criteria: measures of literacy or numeracy specific to diabetes, studies of associations between health literacy and diabetes outcomes, or health literacy intervention among persons with diabetes. The following information was collected from the eligible articles for each of the categories. Category 1-measures of literacy or numeracy specific to diabetes: name of measure, sample, psychometric properties, number of items, response format, and administration time. Category 2-associations among literacy and diabetes outcomes: sample, health literacy assessment used, and outcomes reported. Category 3-literacy interventions among persons with diabetes: sample, intervention and control groups, and results.
Results
Comprehensive literature searches identified 136 articles. The articles were screened by the author, and 24 articles met the eligibility criteria (Figure 1) . While the literature was searched back to 1990, only one eligible article had been published prior to 2000, and 19 of the 24 articles (79%) were published in the past five years. The studies represented in the articles involved more than 10,000 persons with diabetes.
Measure Development Studies
Five measures of literacy or numeracy specific to diabetes or tested among persons with diabetes were identified ( Table 1) . [6] [7] [8] [9] [10] The purpose of these measures was to assess adults' ability to comprehend nutritional information; 6 measure numeracy skills in persons with diabetes; 7 identify limited reading ability; 8 assess a patient's ability to pronounce terms that they would encounter (e.g., during clinic visits, in reading menus, and in selfcare instructions); 9 and gauge diabetes knowledge among persons with poor literacy.
10 Most of these instruments are brief and only take a few minutes to complete, 6, [8] [9] [10] or there is an abbreviated version of the instrument available.
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Association Studies
Fifteen studies examined associations between health literacy and diabetes outcomes ( Table 2) . [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] There is a lack of information in the studies about how well or poorly controlled the patients were; however, seven of the studies provided information about the number of years the patients had been living with diabetes, and this ranged from 5 to 11 years. 11, 15, [17] [18] [19] [20] [21] The studies used a variety of health literacy assessments [e.g., TOFHLA, 25 short-form of the TOFHLA (S-TOFHLA), [13] [14] [15] 18, [20] [21] [22] 24 REALM, 11, 12, 16, 23 WRAT3, The outcomes reported by these studies indicated significant associations between health literacy and knowledge, 12, 14, 16, 25 hemoglobin A1C (HbA1c), 11, 16, 17, 20, 21, 24 medication refill adherence, 13 access to health care, 23 and retinopathy. 20 Those with limited health literacy were more likely to be interested in telephone support, 19 more likely to report worse communication with their health care provider, 22 and have less desire to participate in medical decision making. 12 The outcomes reported by these studies also identified several nonsignificant 
Intervention Studies
Four studies that tested a health literacy intervention in a sample of patients with diabetes were identified ( Table 3) . [26] [27] [28] [29] Two of the studies were randomized controlled trials 28, 29 and two were multicenter randomized controlled trials.
26,27 These interventions were diverse and included patient education, a low-literacy reminder card, 26 computer multimedia that included audio/ video sequences to communicate information, provide psychological support, and promote diabetes selfmanagement skills without extensive text or complex navigation, 27 individually tailored disease management communication, 28 and notifying physicians of patients with limited health literacy with a reminder notice affixed to the patient's chart.
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The findings of the intervention studies were mixed. A low-literacy reminder card did not significantly improve any of the outcomes measured. 26 Access to multimedia lessons resulted in an increase in perceived susceptibility to diabetes complications, particularly in subjects with lower health literacy; however, there was relatively less use of the computer among participants with lower health literacy.
27 Patients with low literacy who received individually tailored communication were more likely to reach their HbA1c-level goal. 28 Physicians were more likely to use the recommended management strategies to improve communication if they were notified of their patients' limited health literacy; however, these physicians felt less satisfied and less effective regarding their visits, while patient self-efficacy remained unchanged.
Discussion
This review assessed the published literature on health literacy and its association with health outcomes and processes of care for persons with diabetes. The 24 studies in this review contributed information on the measurement of diabetes-related literacy, associations between health literacy and diabetes outcomes, and health literacy interventions for persons with diabetes.
Most literacy measures are of reading; however, health information services and modes of delivery are changing. Advances in consumer health informatics offer the convergence of many technologies (e.g., computers, internet, email, television, video, telephones, radio, and audio) and the opportunity to move beyond the traditional focus on print-based health literacy. When selecting a literacy measure, it is important to select a measure validated with a similar population.
Far fewer studies examined interventions designed to mitigate the effects of low literacy on diabetes outcomes than simply the association between literacy and diabetes outcomes. The small number of intervention studies highlights the need for additional studies to examine the relationship between health literacy and health outcomes and the mediating or moderating role of technology. An evidence-based review observed that patient factors Intervention physicians were more likely than control physicians to use management strategies recommended for patients with limited health literacy (OR 3.2, p = .04).
Intervention physicians felt less satisfied with their visits (81% versus 93%, p = .01). Intervention physicians felt less effective (38% versus 53%, p = .10). Intervention and control patients' postvisit self-efficacy scores were similar (12.6 versus 12.9, p = .60). And 64% of intervention physicians and 96% of patients felt health literacy screening was useful.
a C, control; CI, confidence interval; I, intervention; NS, not significant; OR, odds ratio. When designing the interventions that are suitable for persons with limited literacy, the information needs of the population as well as the existing evidence base in diabetes or other chronic disease models for related
